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57 ABSTRACT 
A system for providing the effect of an extended 
soundstage comprises a pair of stereophonic loudspeak 
ers, each having a movable or vibrational element 
driven by a pair of voice coils including a principal or 
main voice coil and an auxiliary or enhancement voice 
coil. The principal voice coil of each speaker is driven 
in a customary manner from one channel of a stereo 
phonic amplifier, while the enhancement voice coil is 
driven in a reversed phase sense from the output of the 
opposite channel, and sound is effectively provided 
over an extended apparent source having dimensions 
beyond the spacing between the loudspeakers. 

9 Claims, 9 Drawing Figures 
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SOUNDSTAGE BOUNDARY EXPANSION 
SYSTEM 

BACKGROUND OF THE INVENTION 

The present invention relates to a loudspeaker system 
and particularly to a loudspeaker system for providing 
an expanded soundstage and three dimensional effect 
within a given listening area. 

In simplest terms, a stereophonic reproduction sys 
ten employs plural microphones to pick up sounds 
emanating from various areas on a stage, and corre 
sponding transducers or loudspeakers are driven sepa 
rately to reproduce the sounds received at the various 
microphones. Of course, signals may be manipulated to 
varying degrees and a number of channels may be com 
bined to provide essentially two output channels which 
are recorded for reproduction in a customary stereo 
phonic loudspeaker system. The concept of providing 
realistic sound in this manner is valid in many respects 
because a person with normal hearing picks up sounds 
binaurally. However, speaker design, speaker location, 
room acoustics, and electronic circuitry are all critical 
factors in achieving the desired results. If speakers are 
placed farther apart to give the perception of a larger 
soundstage, a "hole' may become apparent between the 
two speakers, and sound will appear to emanate from 
the right and/or left loudspeaker. In addition adjacent 
walls will cause unwanted reaction to the sound waves 
and will tend to interfere with desired wave radiation 
patterns. On the other hand, if the speakers are placed 
too close together, the middle information will domi 
nate and the soundstage will appear much narrower. 
Also, movement of the listener from the apex of an 
equal sided triangle formed by the speakers and himself 
will cause a perceived shift in the program material 
from one side of the soundstage to the other, i.e. deterio 
rating the stereophonic effect. 

If two loudspeakers are fed "out of phase' with the 
same signal it is possible to achieve the illusion of sound 
originating to the left of both speakers or to the right of 
both speakers depending upon which speaker is out of 
phase from normal. The effect is not a particularly natu 
ral one. It would be desirable to provide a loudspeaker 
system presenting the illusion of sound emanating from 
an entire soundstage having dimensions beyond the 
distance between two loudspeakers, such as speakers 12 
and 14 in FIG. 1, e.g. along the stage 10 between points 
18 and 20 in FIG. 1. 
One prior art approach to providing a broadened 

soundstage is illustrated in FIG. 2 wherein speaker 12 in 
FIG. 1 is replaced by a pair of speakers 26, 32 and 
speaker 14 is replaced by a pair of speakers 28, 30. The 
principal speakers 26 and 28 are driven from conven 
tional stereo amplifier channels 22 and 24, but auxiliary 
or enhancement speakers 30 and 32 are driven in a re 
versed phase sense from the opposite channel. Enough 
wavefront subtraction is produced so that sound will 
appear to originate to the left and to the right of the 
group of speakers as well as therebetween, if the speak 
ers aren't too far apart and if the auxiliary speakers 30 
and 32 are operated at an amplitude level less than that 
of the main speakers 26 and 28. Unfortunately, the FIG. 
2 approach has certain acoustical drawbacks including 
major shifts in perceived locations as well as cancella 
tions of image, apparently due to phase anomalies 
which occur whenever the listener moves from a given 
spot, e.g. away from apex location 16 in FIG. 1. This 
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2 
phenomenon apparently takes place primarily because 
the extra speakers 30 and 32 have different points of 
radiation from those of the main speakers, even if lo 
cated in the same enclosure or cabinet with the main 
speakers. Thus the ear, which is phase sensitive, picks 
up the time difference in the sound wave radiation pat 
tern from each enclosure and renders the expanded 
soundstage system "believable' only at certain posi 
tionS. 

It is also possible to perform the function of the FIG. 
2 system electronically, wherein single transducers or 
loudspeakers are substituted for the pairs 26, 32 and 38, 
30. Thus, the lefthand speaker in a stereophonic system 
is driven from an electronic adder or summing point 
which receives both the output from the lefthand ampli 
fier channel 22 and a reversed and attenuated output 
from the righthand channel 24. Unfortunately the sub 
traction or summation achieved is frequently not natu 
ral enough to provide a sound which the listener will 
perceive as coming from a broadened soundstage. 

In spite of the various problems, the prior art ap 
proaches do give the listener some sensation of an ex 
panded soundstage, and the systems are interesting and 
viable. They do suffer from lack of realism, particularly 
if the listener moves from the central location or apex 
indicated at 16 in FIG. 1. 

Experiments using the technique of FIG. 2 have led 
to the conclusion that optimum results could be ob 
tained if the two drivers, such as 26, 32, could occupy 
the same physical space in an enclosure and be of identi 
cal design and construction. This is an apparent impossi 
bility. 

SUMMARY OF THE INVENTION 

In accordance with the present invention in a princi 
pal embodiment thereof a soundstage boundary expan 
sion system for providing the effect of a sound source 
characterized by apparent sound directionality beyond 
the physical dimensions of the system includes a stereo 
amplifier, with first and second output channels, and 
first and second transducers or loudspeakers having 
movable elements which vibrate in response to the re 
spective output channels. In addition, the same physi 
cally movable elements are responsive in a reversed 
phase sense to the outputs of the opposite output chan 
nels. That is, the movable vibrational transducing ele 
ment of each loudspeaker is driven in a first phase sense 
in a normal fashion from an amplifier channel output, 
and the movable element is also driven in a reversed 
phase sense from the opposite amplifier channel output. 

In a particular embodiment a loudspeaker in accor 
dance with the present invention is provided with a pair 
of voice coils disposed in separate air gaps of the loud 
speaker magnetic circuit, with each voice coil being 
attached to the same loudspeaker cone. The respective 
voice coils are driven from opposite channel outputs in 
a reversed phase sense. 

In appears the response of a given transducer mov 
able element, physically driven from the two sources, 
better simulates the response of the human ear drum, 
which, after all, is itself a physically movable diaphragm 
driven by sound information originating from various 
directions and which is highly sensitive to the sound 
information for ascertaining the direction from which 
the sound is coming. Each loudspeaker in the system 
according to the present invention more clearly con 
vinces the ear of the person with binaural hearing that 
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sound is legitimately produced from a location outside 
the soundstage boundaries represented between the two 
speakers, and without requiring the speakers be placed 
so far apart as to produce a "hole' or void between the 
loudspeakers. The loudspeakers can even be placed 
along a relatively short wall or in a relatively small 
room and still provide the effect of a broadened sounds 
tage which may in fact be larger than the room in which 
the loudspeakers are located. The listener is not con 
fined to a small listening area or apex to achieve the 
impression of the large soundstage, and will also per 
ceive a depth to the soundstage so that different instru 
ments appear to reside at forward and rearward loca 
tions on the stage as well as at extended left and right 
locations. 

It is accordingly an object of the present invention to 
provide an improved soundstage boundary expansion 
system which is more effective in providing the illusion 
of sound beyond the physical dimensions of the system. 

It is another object of the present invention to pro 
vide an improved soundstage boundary expansion sys 
tem for providing the effect of a sound source charac 
terized by apparent sound directionality beyond the 
physical dimensions of the system, and wherein the 
effect is perceived over a relatively wide area rather 
than at a specific apex location or region near an apex 
location. 

It is another object of the present invention to pro 
vide an improved soundstage boundary expansion sys 
tem that is more economical to produce than systems 
heretofore proposed. 

It is another object of the present invention to pro 
vide an improved soundstage boundary expansion sys 
tem which retains phase coherency throughout a broad 
listening area. 

It if a further object of the present invention to pro 
vide an improved soundstage boundary expansion sys 
tem that permits greater flexibility in the placement of . 
loudspeaker enclosures. 

It is another object of the present invention to pro 
vide an improved soundstage boundary expansion sys 
ten which provides a three dimensional effect and gives 
the illusion of instrument placement in the total sounds 
tage. 

It is a further object of the present invention to pro 
vide an improved soundstage boundary expansion sys 
tem without incurring undesirable sound wave reflec 
tions from adjacent walls or other surfaces. 
The subject matter which I regard as my invention is 

particularly pointed out and distinctly claimed in the 
concluding portion of the specification. The invention, 
however, both as to organization and method of opera 
tion, together with further advantages and objects 
thereof, may best be understood by reference to the 
following description taken in connection with the ac 
companying drawings wherein like reference charac 
ters refer to like elements, 

DRAWINGS 
FIG.1 is a diagram illustrating placement of speakers 

relative to a listener, and desired soundstage expansion, 
FIG. 2 illustrates a prior art system, 
FIG. 3 is a longitudinal cross sectional view of a 

loudspeaker according to an expansion system of the 
present invention, 
FIG. 4 is a schematic diagram showing loudspeaker 

interconnection in the system of the present invention, 
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4. 
FIG. 5 is a front view, partially broken away, of a 

second loudspeaker suitable for the system of the pres 
ent invention, 

FIG. 6 is a horizontal cross section of the FIG. 5 
speaker, 
FIG. 7 is a perspective view of a third loudspeaker 

suitable for the system of the present invention, 
FIG. 8 is a horizontal cross section of the FIG. 7 

speaker, and 
FIG. 9 is a front view, partially broken away, of a 

fourth loudspeaker suitable for the system of the present 
invention. 

DETAILED DESCRIPTION 

Referring to the drawings and particularly to FIG. 1, 
line 10 indicates a soundstage or apparent soundstage 
represented to the listener by stereophonic speakers 12 
and 14, wherein 12 represents the lefthand speaker and 
14 represents the righthand speaker. The position of the 
listener is indicated in 16. Thus the listener or audience 
is typically located in front of the speakers, at a location 
approximately equidistant from each speaker. Depend 
ing upon the distance of the listener to the front of the 
line of speakers, the listener will receive an impression 
of directionality or location of sound along soundstage 
10, but in prior art systems the limit of the apparent 
soundstage is ordinarily the distance between the two 
speakers 12 and 14. A uniform soundstage may not be 
presented to the listener in prior art systems, but rather 
he may perceive a "hole' or void directly between the 
speakers. The system according to the present invention 
not only provides a uniform soundstage, but also pro 
vides the impression of sounds emanating to the left 
and/or to the right of both speakers, thus giving an 
impression of a wide soundstage, e.g. between more 
widely separated points 18 and 20. The effect according 
to the present invention is not limited to listening loca 
tion 16. 
As mentioned hereinbefore, FIG. 2 is a representation 

of a prior art system including a pair of stereo amplifiers 
or channels 22 and 24 driving principal speakers A and 
B (numbered 26 and 28). In addition to the principal 
speaker 26, amplifier channel 22 drives an auxiliary 
speaker A1 (numbered 30) physically positioned proxi 
mate B speaker 28. Also, amplifier channel 24 drives an 
auxiliary speaker B1 (numbered 32) which is physically 
located proximate A speaker 26. The leads are reversed 
to both auxiliary speakers 30 and 32 so they are fed out 
of phase with their respective principal speakers, and 
the leads to each auxiliary speaker are suitably provided 
with resistance (e.g. resistors 34 and 36) for attenuating 
the signal to the auxiliary speakers. Phase reversal has 
the effect of placing the apparent sound either entirely 
to the left or entirely to right of both sets of speakers, 
while the resistances 34 and 36 attenuate the signals to 
the auxiliary speakers such that cancellation does not 
occur in between the speakers as would present an 
apparent sound void. There may also be delay provided 
between each of the amplifier channels and each of the 
auxiliary speakers. While the system of FIG. 2 is some 
what effective in providing a wide soundstage, as here 
inbefore mentioned, the system is very sensitive with 
regard to the location where the effect is perceived. The 
listener at central position 16 (in FIG. 1) will lose the 
impression of a wide soundstage if he moves at all from 
his central position. The result is believed to be caused 
by the phase differences between physically separate 
but adjacent speakers such as, for example, speakers 26 
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and 32 in FIG. 2. If the speakers 26 and 32 were located 
at exactly the same point, then the desired effect would 
be produced over a wide area. The ear of the listener is 
apparently sufficiently sensitive to the phase differential 
resulting from the necessary spacing between the actual 
sound-producing means in speakers 26 and 32 so that 
only a limited range of listener positions will provide 
the desired soundstage effect. 

In accordance with the present invention, a sounds 
tage expansion system employs transducers or loud 
speakers with physically movable elements that are 
driven in response not only to a main or principal ampli 
fier channel output, but also from a reversed-phase 
amplifier output from the opposite channel. In this man 
ner, there is no phase difference between generated 
sounds as was the case with speakers 26 and 32 in FIG. 
2, but rather the sounds appear to and do originate from 
the same point. Referring specifically to FIG. 3, a trans 
ducer or loudspeaker 38 according to the present inven 
tion is provided with a physically movable element 
comprising a diaphragm or cone 40 carrying a bobbin 
42 around which are wound voice coils 44 and 46. The 
voice coil 44 is driven by a given channel amplifier, say 
the left channel amplifier of a stereophonic system, 
while the voice coil 46 is driven from the reversed 
phase output of the opposite channel amplifier, as here 
inafter more fully described. 
The loudspeaker further includes a basket or frame 48 

which supports cone 40 therewithin by means of flexi 
ble surround 50. Attached to the cone is a bobbin 42 
located around cylindrical pole piece 52 which extends 
forwardly from a bottom plate 54. Plate 54 also carries 
annular magnet 56. On the forward side of the magnet, 
i.e. toward the basket 48, there is a lower top plate 58 
which is annular in construction and an upper top plate 
60 which is also annular in construction. The latter top 
plate is secured to the basket 48, with the top plates 
being supported between the basket and magnet. 

Each of the top plates includes an annular, inwardly 
facing, separate end piece (numbered 62 and 64 respec 
tively) disposed in juxtaposition with the central pole 
piece 52 to define a pair of separate air gaps. Magnetic 
circuits are completed to supply magnetic flux across 
air gaps. It will be noted voice coils 44 and 46 are re 
spectively located by bobbin 42 in separate air gaps 
whereby current in the respective voice coils reacts 
with the magnetic flux across the air gaps to produce 
movement of the speaker cone. 

Referring now to FIG. 4, illustrating schematically 
the electrical connections of the system according to 
the present invention, a pair of left and right speakers 
38A and 38B are respectively constructed in the manner 
illustrated in FIG. 3, i.e. each has a main or principal 
voice coil 44 and an enhancement voice coil 46. Con 
nections 70 and 72, comprising the output leads of a left 
channel amplifier, are connected in the manner shown 
with terminal 72 grounded and terminal 70 coupled 
through high pass filter 78 to a terminal 80. Terminal 80 
is connected by means of low pass filter 82 to one termi 
nal of principal voice coil 44A of lefthand speaker 38A, 
while the remaining terminal of such voice coil is 
grounded. 

Terminal 80 is also connected to an input of low pass 
filter and attenuator 84 having an output lead 86 which 
is cross-connected to the auxiliary or enhancement 
voice coil 48B of the righthand speaker 38B. It will be 
observed that voice coil 46B has its connections re 
versed from those of the principal voice coil 44B on the 
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6 
same speaker, i.e. enhancement voice coil 46B is fed in 
an inverted phase relation to voice coil 44B and also in 
inverted phase relation to voice coil 44A of the lefthand 
speaker. 

Similarly, terminals 74 and 76, comprising the output 
terminals of the righthand amplifier channel, are con 
nected by way of high pass filter 88 to a terminal 90 
which is in turn coupled through low pass filter 92 to 
the principal or main voice coil 44B of righthand 
speaker 38B and the same terminal 90 is also coupled by 
way of low pass filter and attenuation circuit 94 to lead 
96 which is cross connected to the enhancement voice 
coil 46A of left hand speaker 38A. It will be observed 
that enhancement voice coil 46A is driven 180 degrees 
out of phase with respect to principal voice coil 44A of 
the same speaker and with respect to principal voice 
coil 4.4B of the righthand speaker. Although the system 
according to the present invention may provide the 
only sound output for a sound system, it is contemplated 
that speakers 38A and 38B respectively comprise mid 
range audio transducers for a stereophonic sound sys 
tem, while left and right woofers and tweeters will also 
be included in the same enclosures with speakers 38A 
and 38B. 
Low pass filter 78, suitably comprising serially con 

nected capacitors 98 and 100 and shunt inductance 102, 
is designed in a conventional manner to have a -3dB 
attenuation point at a predetermined frequency between 
100 and 700Hz. More particularly, the attenuation point 
is advantageously between 100 and 300 Hz, and in one 
example 100 Hz has been found suitable. Lower fre 
quencies may be adequately presented by the woofer 
system and moreover are suitably excluded from the 
system according to the present invention to avoid 
cancellation of low frequencies or a "doppler' like 
effect. Also undesired resonance is avoided. 
The low pass filter 82 leading to the main or principal 

voice coil suitably has a -3dB attenuation point at 
about 3,000 Hz assuming a tweeter system is present for 
the high frequencies. Of course, if no such tweeter sys 
tem is employed, the filter 82 may be adjusted. Filter 82 
is illustrated as comprising simply a series inductance 
104, but other filter circuits may be substituted therefor. 
The low pass filter and attenuation circuit 84 is illus 

trated as comprising a parallel combination of induc 
tance 106 and resistor 108, such combination being 
connected in series with resistor 115, and has the com 
bined attributes of attenuation in accordance with the 
resistance of the resistor 115, a small amount of delay, 
and low pass filtering having a -3dB attenuation point 
at a frequency between 600 and 3,000 Hz. The attenua 
tion of the low pass filter represented by inductance 106 
and resistor 108 is suitably designed such that the signal 
therethrough is attenuated at 700Hz and above with an 
approximate slope of 3 dB per octave, with the response 
of the enhancement speaker coil 46B being "con 
toured'. Alternatively, the attenuation point can be at 
approximately 900 Hz, this being the frequency, accord 
ing to Weiners's defraction measurements, at which 
decay of high frequency wave patterns begin as they 
encounter the shape of the human face, passing there 
around from one side of the face to the opposite ear. 
Consequently, the voice coil 46B is provided with a 
rolloff simulating the frequency contour experienced by 
the listener's right ear as he hears sounds approaching 
from the left side of his head. The result of this con 
toured response is a more lifelike and realistic produc 
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tion of sounds appearing to originate from the left of the 
listener. 
The attenuation provided by resistor 115 decreases 

the amplitude of the drive to the enhancement coil 46B 
to avoid the appearance of a hole or a void in front of 5 
the listener between the two speakers as may be the case 
with no attenuation. The amount of attenuation will 
depend upon the placement of the speakers to some 
extent. 
The component elements of filter circuits 88, 92 and 

94 and their purpose correspond to those of circuits 78, 
82 and 84 and need not be discussed separately. It will 
be obvious from the above discussion that the operation 
of righthand speaker 38B is substantially the counter 
part of the lefthand speaker. 
With the speaker construction and circuit illustrated, 

an apparent wide soundstage is presented to the listener, 
with sounds appearing to originate beyond the bound 
aries of the speakers such as 12 and 14, i.e. from a wider 
soundstage for example between points 18 and 20 in 
FIG. 1. The sounds may even appear to originate be 
yond the walls of a room in which the speakers are 
positioned, and the speakers 12 and 14 need not be 
spaced widely apart to achieve this effect. Thus the 
speakers can be placed against the "short wall' of a 
room while still producing a pronounced wide sounds 
tage effect. Morevoer, the effect is not highly depen 
dent upon position of the listener. The listener need not 
be located at position 16, at the apex of the system, but 
can be nearly anywhere in front of the two loudspeakers 
while still receiving the impression of the wide sounds 
tage. The effect of the wide soundstage while moving 
about the room is more pronounced than for either the 
prior art electronic mixing system, or the prior art dual 
speaker system as illustrated in FIG, 2. 
The dual speaker system of FIG. 2, where the main 

enhancement speakers are physically separated to some 
... degree even though in the same enclosure, apparently 
produces phase effects which are different as the lis 
tener moves and restrict the wide soundstage result to 
the location of the listener at point 16 in FIG. 1, or at 
least in close proximity thereto. The phase effects 
change as the person moves around the room listening 
to the prior art system, but do not change with respect 
to the system according to the present invention. As 
also explained, the wide soundstage effect is also im 
proved as compared with the prior art electronic mix 
ing system or the electronic equivalent of the system of 
FIG. 2 wherein the signals illustrated in FIG. 2 as ap 
plied to speakers or drivers 26 and 32 (or 28 and 30) are 
electronically summed and applied to the same driver. 
It is theorized that the summation (or subtraction) of 
sounds achieved in the electronic mixing system of the 
prior art produces a type of cross talk or modulation (or 
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absence thereof) not as comparable with the response of 55 
the human ear as is the case with the present system. In 
the system according to the present invention, the two 
separate drive signals are applied to a single diaphragm 
in a given speaker or transducer. Thus, referring to 
FIGS. 3 and 4, a single diaphragm 40 is driven by voice 
coils 44 and 46 in each case. The response of the dia 
phragm is apparently not too unlike that of the human 
eardrum when encountering a pair of sounds, for the 
person with binaural hearing. In the dual voice coil 
drive illustrated for the present invention there is in fact 
a single diaphragm or vibrating speaker cone 40 for 
each of the left and right speakers, and therefore the left 
and right sounds originate from specified left and right 
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points but have the effect of providing natural sound to 
the left and right ears respectively. In addition to pro 
viding a wide soundstage effect, the system according 
to the present invention is also perceived by the listener 
as producing a three dimensional effect, wherein the 
listener imagines he can place the instruments of an 
orchestra at different locations in front of him, depth 
wise as well as transversely across the soundstage. 
The loudspeaker according to the present invention 

advantageously employs two voice coils 44 and 46 in 
two separate air gaps as herein described. However, it is 
also within the scope of the present invention to provide 
a pair of voice coils located on a single diaphragm of a 
conventional speaker, e.g. with the voice coils being 
bifilar wound or wound adjacently as understood by 
those skilled in the art. The construction as illustrated in 
FIG. 3 is preferred since when both voice coils are 
located in the same gap (bifilar wound), each voice coil 
tends to see the gap as being too large. The system then 
becomes somewhat less efficient or lossy. But, not only 
is the illustrated dual voice coil system according to the 
present invention more efficient, it also provides a more 
striking sound effect than is the case with the bifilar 
winding. With a bifilar winding there is apparently too 
much coupling (i.e. transformer coupling) or a chance 
for more interaction between the coils with the overall 
result being a summation electronically of the main and 
enhancement signals in a manner similar to the elec 
tronic summation system of the prior art. There seems 
to be not only too much cancellation, but dampening of 
the dynamic range when the coils are bifilar wound. 
The result according to the present invention is one of 
much more pronounced realism and ability to perceive 
the effect over a greater area in front of the speakers 
when the double air gap, double voice coil construction 
as illustrated in FIG. 3 is employed. However, as indi 
cated, the bifilar winding arrangement is of some advan 
tage and to a degree provides the result of the present 
invention. 
FIGS. 5 and 6 illustrate a planar type speaker which 

may be employed with the system according to the 
present invention. A tri-laminate frame 110 includes a 
rear border laminate 112, a central laminate 114, and a 
forward border laminate 116. Between laminates 112 
and 114 is located at perforated aluminum plate 118 
carrying a plurality of strip magnets 120. In this illustra 
tion, the strip magnets are disposed in a vertical direc 
tion and parallel to one another. Between laminates 114 
and 116there is positioned a Mylar diaphragm 122, the 
vibratory part of the speaker, which carries bifilar 
wound voice coils 124 and 126. The two voice coils are 
connected in the same manner as coils 44A and 46A in 
FIG. 4. Of course, a second speaker of the planar type 
would then be utilized for the remaining channel. 
A double diaphragm speaker, which may be em 

ployed in conjunction with the present invention, is 
illustrated in FIGS. 7 and 8. A pair of semi-cylindrical 
diaphragms 128, suitably formed of Mylar, are respec 
tively supported by halves 130 and 132 of a plastic 
frame. The semi-cylindrical diaphragms are glued or 
otherwise joined together centrally of the device, and 
first and second voice coils 134 and 136 are secured on 
opposite sides of the double thickness of Mylar where 
the diaphragms are joined. Each voice coil suitably 
comprises a multi-turn flat loop which is glued or other 
wise secured to the double diaphragm. 
Magnets 138 and 140 of the FIGS. 7 and 8 embodi 

ment are supported or sandwiched between gap plates 
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142 and 144 respectively, and the gap plates are in turn 
received in apertures in the inwardly extending, some 
what pyramidal shaped portions 146 and 148 of the 
plastic frame so as to position the gap plates adjacent 
sides of the voice coils. Gaps formed between opposed 
ends of the gap plates thus receive sides of the voice 
coils causing the voice coils to be linked by magnetic 
flux from the magnets 138 and 140. Movement of the 
diaphragms, when the voice coils are energized in the 
manner of coils 44A and 46A and FIG. 4, is primarily in 
the direction of arrow 150, i.e., perpendicular to the 
long sides of the gap plates. 
FIG. 9 illustrates an electrostatic type speaker which 

may be employed with the system according to the 
present invention. First and second panel frame mem 
bers 151 and 152 enclose a conductive film diaphragm 
153 which is engaged between peripheral flanges 164 of 
the panel frame members. Each of the panel frame 
members has a grid structure which is recessed away 
from the conductive film diaphragm, wherein panel 
frame member 151 is provided with a principal signal 
polarizing conductive grid 154 comprising spaced inter 
connected vertical disposed adjacent but spaced from 
diaphragm 153 on the opposite side thereof. 

In between the conductors of conductive grid 154 on 
panel frame member 151 are disposed a plurality of 
parallel interconnected conductors comprising an en 
hancement signal polarizing conductive grid 155. On 
panel frame member 152 between the conductors of 
polarizing conductive grid 156 are located parallel in 
terconnected conductors comprising an enhancement 
signal polarizing conductive grid 157. 

In the illustrated construction, terminal 162 connects 
to conductive film diaphragm 153 while terminal 158 
connects to conductive grid 154, terminal 160 connects 
to conductive grid 156, and terminal 159 connects to 
conductive grid 157. Another terminal (not shown) is 
connected to conductive grid 155. 
The electrostatic speaker operates in a conventional 

manner for this type of speaker with respect to conduc 
tive grids 154 and 156 which are driven from a principal 
amplifier output. However, the enhancement polarizing 
conductive grids 155 and 157 are driven from the oppo 
site channel in a reverse phase sense. A second electro 
static speaker of this type would also be utilized. 

It will be seen that a number of different speaker 
constructions are possible according to the present in 
vention, each employing plural voice coils so that each 
speaker is provided with principal and enhancement 
means for operating the same vibrational member or 
diaphragm. 
While I have shown and described plural embodi 

ments of my invention, it will be apparent to those 
skilled in the art that many other changes and modifica 
tions may be made without departing from my inven 
tion in its broader aspects. I therefore intend the ap 
pended claims to cover all such changes and modifica 
tions as fall within the true spirit and scope of my inven 
tion. 

I claim: 
1. A soundstage boundary expansion system for pro 

viding the effect of a sound source characterized by 
apparent sound directionality beyond the physical di 
mensions of the system, said system comprising: 
an amplifier with first and second channel outputs 

respectively representing sound information in 
tended to give the impression of originating from 
different directions, 

first and second sound transducers positionable at 
spaced locations and responsive to said first and 
second channel outputs of said amplifier, the first 
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10 
transducer having a physically movable element 
and first means for causing said physically movable 
element of said first transducer to vibrate in a first 
phase sense in response to the first amplifier chan 
nel output, and the second transducer having a 
physically movable element and second means for 
causing said physically movable element of said 
second transducer to vibrate in a first phase sense in 
response to the second amplifier channel output, 

said first transducer having means distinct from said 
first means for separately physically driving said 
physically movable element of the first transducer 
in proportion to said second amplifier channel out 
put but in a reversed phase sense, 

and said second transducer having means distinct 
from said second means for separately physically 
driving said physically movable element of the 
second transducer in proportion to said first ampli 
fier channel output but in a reversed phase sense. 

2. The system according to claim 1 wherein said first 
and second means comprise main driving coils and 
wherein a said means for separately driving comprises 
an enhancement driving coil for substantially indepen 
dently vibrating the corresponding movable element, 
the driving coils for a given physically movable element 
being energized in response to the first and second am 
plifier channel outputs. 

3. The system according to claim 2 wherein each 
transducer comprises a loudspeaker and said driving 
coils comprise voice coils associated in driving relation 
with the diaphragm of the same loudspeaker. 

4. The system according to claim 3 wherein said pair 
of voice coils are bifilar wound on the same loudspeaker 
cone bobbin. 

5. The system according to claim 3 wherein a said 
loudspeaker includes a magnetic circuit adapted to pro 
duce magnetic flux, said magnetic circuit having a pair 
of air gaps, said pair of voice coils being respectively 
positioned in separate air gaps in said magnetic circuit in 
linking relation to said magnetic flux. 

6. The system according to claim 5 wherein said 
magnetic circuit includes a central pole piece and a pair 
oftop plates radially spaced from said central pole piece 
to define said separate air gaps, said loudspeaker includ 
ing a bobbin attached to the diaphragm of said loud 
speaker and extending between said central pole piece 
and said pair of top plates, with one of said voice coils 
being located on said bobbin in each air gap. 

7. The system according to claim 3 wherein the dia 
phragm of said loudspeaker is substantially planar and 
said voice coils are bilifar wound in a circuitous path on 
said diaphragm. 

8. The system according to claim 3 wherein said 
loudspeaker includes a second diaphragm joined to the 
first diaphragm, and having a common diaphragm area 
where the diaphragms are joined, said voice coils being 
attached to said common area, and a magnetic circuit 
adjacent said common area adapted to provide mag 
netic flux linking said voice coils. 

9. The system according to claim 1 wherein the mov 
able element of each said transducer is substantially 
planar and conductive, said first and second means com 
prising main electrostatic elements and wherein a said 
means for separately driving comprises enhancement 
electrostatic elements for substantially independently 
vibrating the corresponding movable element, the elec 
trostatic elements for a given transducer being driven in 
response to the first and second amplifier channel out 
puts. 
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